Data on the presence of small mammal species at 201 sites in North American deserts and 245 in arid Australia were used to quantify similarities and differences in community structure between the two continents. In all, 41 species of rodents were sampled in North America and 26 species, both rodents and marsupials, in Australia. On both continents, each species occurred throughout its geographic range with many other species and as a member of many different combinations. The number of species with which each species coexisted was positively correlated with its area of geographic range, although most species occurred at less than half the sites within their ranges. The median number of species at a site was three in North America and two in Australia, but the numbers of species per site on the two continents were not significantly different. Despite the relatively small numbers of species per site, numerous different combinations of species were observed (North America, 158; Australia, 108). Communities in North America were dominated by granivores and in Australia by omnivores; insectivores were also prominent in Australia.
Introduction
Deserts have featured prominently in attempts to determine the degree to which communities in similar environments on different continents display similarity. Because North American deserts have been relatively well studied, they have been the focus of many such comparisons (Orians and Solbrig 1977; Mares and Rosenzweig 1978; Morton 1985; Pianka 1986; Morton and Davidson 1988; Duellman and Pianka 1990; Rogovin and Surov 1990; Wiens 1991; Kerley 1991) ; in particular, the small mammals of these deserts are better-known ecologically than those of any other region. Comparison with arid Australia is especially interesting because several studies have concluded that small mammal communities on the two continents are dissimilar, the Australian deserts containing fewer species in general and fewer granivores and more insectivores in particular (Morton 1979 (Morton , 1985 (Morton , 1993 . Thus, any simplistic notion that the ecology of desert-dwelling mammals is exemplified by North American data is cast into doubt. The conclusion that the continents differ cannot yet be confidently accepted, however, because the previous work relied upon Table 1 . Occurrence of 41 species of rodents a t 201 sites in North America Each site number is followed by codes for the species recorded. The specific identities are shown at the bottom of the table, together with the number of sites at which the species was recorded, the number of sites within the geographic range of that species, and a code indicating the trophic role (G, granivore; 0, omnivore; C, carnivore/insectivore; F, folivore). Site locations and habitats are listed by Brown and Kurzius (1987) 100: 9, 14, 19, 23, 24, 25 152: 4, 21, 25, 41 101: 9, 14, 19, 23, 25 153: 4, 25 102: 4, 14, 24, 25, 34 154: 4, 25 103: 2, 4, 9, 14, 19, 24, 25, 32, 34 155: 4, 25 104: 9, 14, 19, 21, 25, 32 156: 25 105: 4, 19, 25, 32, 34 157: 21, 25, 39 106: 4, 9, 14, 19, 21, 25, 28, 32, 34 158: 3, 5, 19, 32, 33 107: 9, 14, 24, 25, 28, 32, 34 159: 25 108: 2, 9, 14, 24, 25 160: 21, 25, 40 109: 17, 19 161: 4, 25 110: 2, 14, 19 162: 4, 25, 31 111: 2,9, 19 163: 4, 25, 41 112: 2, 9, 14, 19 164: 4, 25, 41 113: 14 165: 9, 24, 34 114: 2, 14, 19, 25, 32 166: 9, 25 115: 2, 9, 14, 19, 32 167: 9, 19, 23, 24, 34 116: 2, 4, 14, 19, 25, 32 168: 9, 23, 24, 34 117: 4, 14, 21, 25, 41 169: 2, 9, 19, 24 118: 4, 21, 25 170: 2, 9, 19, 24 119: 4, 25, 39, 41 171: 2, 9, 14, 19, 34 120: 4, 12, 14, 17, 21, 25, 31, 34 172: 9, 14, 19, 23, 32 121: 4, 14, 17, 21, 25, 40 173: 9, 14, 19, 25, 32, 34 122: 21, 25, 40 174: 2, 14 123: 1, 5 175: 2, 14, 19 124: 5, 19, 23, 35 176: 9, 19, 23, 25 125: 1, 5, 7, 19, 23, 35 177: 9, 19 126: 1, 5, 7, 19, 23 178: 19, 21 127: 1, 5, 19, 23 179: 2, 19, 34 128: 1 180: 3, 19 129: 1, 19, 21, 26, 29 181: 3, 5, 19 130: 1 182: 5, 19 131: 1, 25, 29 183: 19, 32 132: 1 184: 5, 19 133: 1, 5, 7, 23 185: 3, 5, 19 134: 5, 7, 23, 25, 35 186: 3, 5, 10, 19, 33 135: 3, 5, 19, 32, 33, 36 187: 3, 5, 19 136: 22, 38 188: 10, 23, 33 137: 1, 29 189: 10, 23 138: 1, 11, 21, 27 190: 10, 19, 23 139: 1, 29, 32 191: 10, 19, 23 140: 1, 21, 22, 23 192: 5, 10, 23, 33 141: 1, 29, 32 193: 5, 19, 33 142: 22 194: 5, 19 143: 1, 11, 23, 25, 29 195: 5, 10, 19, 33 144: 2, 16, 21, 25, 34 196: 3, 5, 6, 10, 19, 32, 33, 36 145: 2, 16, 19, 25, 32, 34 197: 5, 19, 23, 24 146: 2, 9, 16, 19, 25, 32 198: 6, 10, 15, 19, 32, 33 147: 2, 9, 16, 19, 25, 32, 34 199: 3, 5, 10, 19, 32 148: 2, 9, 16, 19, 25, 34 200: 5, 19, 34 149: 2, 9, 19, 32 201: 4, 17, 25 150: 2, 8, 19, 23, 32, 34 202: 4, 17, 25 151: 4, 25, 41 (Morton 1979) or of indirect measures such as impact on artificial food-baits (Morton 1985) . The first aim of this paper is to fill that gap by quantitatively comparing the specific and trophic composition of small mammal communities at large numbers of sites in arid Australia and North America.
The comparison is based upon a data set developed by Brown and Kurzius (1987) for granivorous rodents of the North American deserts. These authors showed that this assemblage of animals was characterised by individualistic responses of species rather than by regularly recurring communities, although they concluded that some deterministic processes of community structure, such as competition, were evident. Kurzius (1987, 1989) argued that such flexible and dynamic community structure is to be expected among many different organisms in continental faunas. But to what extent does their result apply to other communities? The second aim of this paper is to provide a test of the generalisation using Australian data.
Methods

North America
The data set is based upon that assembled by Brown and Kurzius (1987) , but is enhanced by inclusion of all small mammal species rather than just the granivores considered in that paper (Table 1) . The presencelabsence matrix of species weighing less than about 500 g at 201 sites throughout the Great Basin, Mojave, Sonoran and Chihuahuan Deserts was derived from censuses with a minimum of 100 trap-nights; in long-term studies, only data from the first year were used. Sciurids, gophers and soricines were excluded because it is uncertain whether they were surveyed consistently. Locations of the sites and descriptions of habitat are given by Brown and Kurzius (1987) . Note that expansion of the data set resulted in the realisation that two sites (31 and 38) were in fact identical; information for this site is shown under 38 in Table 1 . For analyses involving the geographic ranges of species, we used maps from Hall (1981) .
Australia
We assembled a presencelabsence matrix of species of small mammals at 245 sites derived from surveys conducted in a band of country running north-south across the centre of the arid zone ( Fig. 1 ; Table 2 ). The sites cover a wide range of vegetation formations, particularly spinifex grasslands, acacia shrublands, low chenopod shrublands and mallee eucalypt woodlands, on sandplains and dunes, earths, loams, clays and lithosols (Table 3) . We strove to select sites where trapping effort was similar to that expended in North America. Thus, only census data with a minimum of 100 trap-nights per site were used. The trapping was conducted largely with Elliott live-traps ( 9 x 1 0~3 2 cm), but significant numbers of pit-traps (15-29 cm in diameter and 38-60 cm deep, depending on site) were always used in addition (at least 45 trap-nights). In many cases we were able to include data from more than one census (Table 3) . When long-term data were available, we selected samples from the first two years of the study. The emphasis upon pit-traps in Australia stems from the fact that conventional live-traps often fail to capture dasyurid marsupials. Although the trapping routines therefore differed from those used in North America, they were essential to gain an adequate picture of species composition in Australia. Analyses involving geographic ranges were cinductkd using maps from &ahan (1983). Table 3 .
Results
Distribution of Species among Sites
North American sites contained a total of 41 species (all rodents; Table 1 ) and Australian sites 26 species (rodents and dasyurid and notoryctid marsupials; Table 2 ). However, on both continents the individual species were recorded at relatively small numbers of sites. On both continents 54% of species were present at 10 or fewer sites (North America, 22 species; Australia, 14; Fig. 2 ). The distributions of species according to the numbers of sites at which they were found (Fig. 2) did not differ between continents (Kolmogorov-Smirnov test on data that were scaled to take into account the different numbers of sites on the two continents, P > 0.1). Each site number is followed by codes for the species recorded. The specific identities are shown at the bottom of the table, together with the number of sites at which the species was recorded, the number of sites within the geographic range of that species, and a code indicating the trophic role (0, omnivore; C, carnivore/insectivore; F, folivore). Site locations and habitats are shown in Acacia shrublands (16, 17, 19, 24, 25, 27, 28,31, 33, 36, 37, 40-42, 44, 46, 48, 50, 52-59, 62, 64, 67, 68, 70-72, 74-76, 80, 81, 84, 86, 87, 89, 90) ; spinifex grasslands (20-22, 26, 29, 35, 39, 60, 65, 66, 78, 83, 85) ; woodlands (18, 23, 30, 32, 34, 38, 43, 45, 47, 49, 51, 61, 63, 69, 73, 77, 79, 82, 88) Woodlands (91); acacia shrublands (92-94); spinifex grasslands (95-103) 105, [107] [108] [109] 112, 113, 116, 123, 124, 127, 128, 131) ; floodouts and claypans (106, 110, 111, 114, 115, 117, 119-122, 125, 126, 129, 130, 132) Casuarina woodlands (160, 161, 163, 165-169, 187, 190) ; acacia shrublands (162, 164, (172) (173) (174) 191) ; chenopod shrublands (170, 175, 179, 194, 195) ; mallee and spinifex (171, 178, 180-186, 188, 189, 192, 193, 196-205) Sand-dunes and inter-dune flats The number of sites at which a species was found was highly correlated with the number of sites that fell within its geographic range, both in North America (r = 0.69, P < 0.001) and in Australia (r = 0.64, P < 0.001) (Fig. 3) . In North America, the ranges of 63 species overlapped the sites although only 41 were recorded; the extra species are listed in the Appendix. Only two extant species whose ranges overlapped the Australian sites (Pseudomys bolami and Sminthopsis longicaudata) remained unrecorded, but several species have become extinct in the past 100 years (see Appendix). Despite the correlations established in Fig. 3 , many species occurred at relatively small proportions of the sites within their geographic ranges (Fig. 4) . In North America, 66% of species occurred at less than 50% of the sites within their ranges, and in Australia 88% did so. Although the frequency distributions shown in Fig. 4 appear different, the conservative KolmogorovSmirnov test did not reveal significance between continents (P > 0 -1).
. ~ustralia ~t h
America
No, of sites F i g . 2. Numbers of species in North America and Australia as a function of the number of sites at which species occurred.
Numbers of Species at Sites
In North America, 82% of sites had 2-6 species present, and 9% contained more than 6 species; the median number of species at a site was 3 (Fig. 5a ). In Australia, the median number of species was 2, 64% of sites had 2-6 species, and 2% possessed more than 6 species (Fig. 5b) . The highest number of species at a site was greater in North America, and there were many sites in Australia where no species were recorded. Nevertheless, the frequency distributions of number of species v. number of sites did not differ significantly between the continents (Kolmogorov-Smirnov test, P > 0.1). Although the observed distribution of richnesses at the sites in North America appears similar to expected values calculated using a Poisson distribution (dashed curve in Fig. 5a ), a test of goodness of fit showed a significant difference (G = 28 ~6 , P < 0.005), presumably due to the low number of four-species sites and the high number of three-species ones. At Australian sites, the observed distribution did not differ significantly from expected (G = 6.6, P > 0.25).
In both North America and Australia, there were many fewer species present at the sites than expected on the basis of the number of species whose geographic ranges included those sites (hatched histograms, Fig. 5 ). The greater maximum number of species potentially occupying the sites in North America reflects the greater species pool on that continent.
On neither continent was there a linear correlation between numbers of species at a site and estimated mean annual precipitation (North America, range of precipitation 50-530 mm, r = 0.009; Australia, range 130-400 mm, r = 0.32). Thus, it seems unlikely that any differences in precipitation between the continents could affect our comparisons, although it remains possible that patterns of plant productivity are correlated with species richness.
Distribution of Species among Sites with Respect to Other Species
Frequency distributions of numbers of species combinations against numbers of species per site (Fig. 6 ) indicate that the distributions are similar to the unhatched distributions of Fig. 5 in that the greatest number of combinations occurred at three-species sites in North America and at two-species sites in Australia. Similarly, the expected distribution of species combinations (based upon the Poisson distribution) was significantly different from the observed in North America (G = 20.9, P < 0.05); as before (Fig. 5a) , this was apparently primarily because of the high number of three-species sites. In contrast to the lack of difference from expected for the Australian data in Fig. 5b , the equivalent distribution in Fig. 66 did differ significantly from the expected (G = 15.4, P < 0,025); the large number of combinations at two-species sites appears to be the major cause of the disparity, but we
No. of sites in geographic range
No, of sites in geographic range Rg. 3. Relationships between the numbers of sites at which species occurred in North America (a) and Australia (b) and the number of sites sampled within their geographic ranges. Data for North America include species which were not recorded at any site; significant correlations existed both for all species (r = 0.74, P < 0.001) and for species present at sites (r = 0.69, P < 0.001). The correlation for Australian data was also significant (r = 0.64, P < 0.001). are unsure of its ecological significance. Although Australian combinations tended to occur at lower species numbers per site than North American ones, the frequency distributions in Fig. 6 were not significantly different (KolmogorovSmirnov test, P > 0.1). Individual species generally showed similar patterns of distribution relative to other species as was evident in the overall assemblages. In North America, those species occurring at more than 40 sites showed a tendency to occur most frequently in combination with two to five other species (Fig. 7) . Australian species occurring at more than 40 sites displayed similar distributions, but occurred most frequently with one to four other species (Fig. 8) The total number of species with which a species coexisted was highly correlated with the log of the number of sites at which it was recorded in both North America (r = 0.84, P < 0 -001; Fig. 9a ) and Australia (r = 0 82, P < 0.001; Fig. 9b ). The number of species with which a species coexisted was also correlated with the number of sites within its geographic range (North America, r = 0.75, P < 0 001; Australia, r = 0 78, P < 0 001; Fig. 10 ). North American species co-occurred locally with relatively small proportions of the species with which their geographic ranges overlapped (Fig. lla) ; only 10% of species coexisted with more than 50% of the possible species. In contrast, 42% of Australian species co-occurred with more than 50% of species with overlapping ranges (Fig. llb) . This difference between the continents does not appear to be due to a discrepancy in the sizes of geographic ranges, because the frequency distributions of the log of range-size did not differ significantly between North America and Australia (Kolmogorov-Smirnov test, P > 0.1, although as before we note that this test is conservative; Fig. 12 ). Finally, a plot of the number of species with which each species co-occurred across all the sites shows that 68% of North American and 42% of Australian species were recorded locally with more than 10 other species (Fig. 13) . Despite the smaller species pool in Australia, the frequency distributions in Fig. 13 did not differ significantly between continents (Kolmogorov-Smirnov test, P > 0.1). No. of sites at which species occurred (log scale)
Pi. 9. Relationships between the total numbers of species with which a species coexisted and the numbers of sites at which that species occurred (log scale) in North America (a) and Australia (b). In both cases, the correlations were significant (a, r = 0.84, P < 0.001; b, r =0.82, P < 0.001).
Combinations of Coexisting Species
Many different combinations of species were observed in both North America and Australia. Of 158 combinations recorded in North America, 86% were observed only once, the equivalent figures in Australia being 108 and 69% (Fig. 14) . The most frequent combination in North America was Perognathus parvus with Peromyscus rnaniculatus, and in Australia was Mus domesticus by itself (the second most frequent was Mus domesticus with Pseudomys hermannsburgensis). No. of sites in geographic range
No. of sites in geographic range Fig. 10 . Relationships between the total numbers of species with which a species coexisted and the number of sites within the geographic range of that species in North America (a) and Australia (b). In both cases, the correlations were significant (a, r = 0.75, P < 0.001; b, r = 0.78, P < 0.001).
Of the 41 species in North America, 49% occurred in more than 10 combinations and two species occurred in more than 50 combinations (Fig. 15) . Of the 26 Australian species, 42% occurred in more than 10 combinations and one in more than 50. The frequency distributions in Fig. 15 did not differ significantly between continents (Kolmogorov-Smirnov test, P > 0.1). On both continents, the number of combinations in which a species occurred was highly correlated with the number of species with which it co-occurred (North America, r = 0.86, P c 0 001; Australia, r = 0.87, P c 0.001), with the number of sites at which the species was found (North America, r = 0 99, P < 0 001; Australia, r = 0.98, P c 0.001), and with the number of species whose ranges it overlapped (North America, r = 0.59, P c 0.001; Australia, r = 0.54, P < 0 01). No, of species with overlapping geographic ranges No. of species with overlapping geographic ranges Fig. 11 . Relationships between the total numbers of species with which a species coexisted and the numbers of species with overlapping geographic ranges in North America (a) and Australia (b).
Distributions of Species among Trophic Categories
The species were divided into four trophic categories (based on Morton 1979) as shown in Tables 1 and 2 . The observed number of species within each of the categories at each site was compared to that expected on the basis of binomial probability, considering all those species whose geographic ranges overlapped the site. The numbers of sites where the observed numbers of species in each trophic group were less or greater than expected were then tabulated and compared by sign tests (Table 4) .
The distributions of species among the four trophic categories differed significantly between continents (test of independence, G = 44-2, P < 0.001). In North America, granivorous species occurred significantly more frequently and species in the other three categories significantly less frequently than expected, and in Australia camivores/insectivores and folivores occurred less frequently and omnivores more frequently than expected (Table 4) No. of coexisting species F i g . 13. Numbers of species as a function of the total number of species with which they coexisted at sites in North America and Australia.
Discussion
The Physical and Biological Setting
North American and Australian deserts share an environment of aridity, but they do not necessarily experience similar physical forces, and neither have they similar evolutionary histories. Our comparisons of the small mammal communities of these regions must take place against this physical and biological background.
North American deserts generally lie at higher latitudes than the Australian arid zone, and are contained within a geologically-recent topography of basins and ranges quite different from the flat, ancient landscape of arid Australia. The lower latitudes of Australia result in warmer winters; this is also caused by the relatively moderate altitudes of inland Australia. The lower latitudes also expose the continent to the strong influence of the El Nifio/Southern Oscillation effect, which causes quite extreme rainfall variation compared with most regions of the world (Nicholls and Wong 1990; Stafford Smith and Morton 1990) . Finally, the lack of geological rejuvenation of the Australian continent means that soils tend to be more weathered and poorer in nutrients than in North American deserts, resulting in different patterns of plant production (Stafford Smith and Morton 1990). No. of times combination observed The physiographic structure of the south-west of North America seems likely to have encouraged speciation in at least some groups of desert-dwelling organisms, and particularly in small mammals, by isolation during desert contractions (Blair et al. 1976) ; the relatively uniform topography of the Australian arid zone does not appear to have encouraged speciation in this way (Baverstock 1982) . Thus, the larger species pool in arid North America is explicable in terms of its evolutionary history. In addition, contrasts between faunas of the two continents have become exaggerated by the differential effects of European settlement. At least eight species of small mammals have disappeared from our study region in arid Australia in the past 200 years (see Appendix), resulting from some combination of land degradation induced by introduced herbivores and predation by introduced foxes and feral cats (Morton 1990) . North American deserts, in contrast, do not appear to have lost any species during this time. With these issues in mind, we can now discuss similarities and differences in the communities on the two continents. Our analysis has shown that North American and Australian small mammal communities displayed marked similarities in many important patterns. Although the species pool is larger in arid North America, on both continents most species were present at few sites and only a few occurred at numerous sites (Fig. 2) . On both continents, local communities contained only a small proportion of the species potentially present on the basis of their geographic ranges (Fig. 4) . The frequency distributions of numbers of species per site were similar in North America and Australia, even though the median number was one higher in the former (Fig. 5) . On both continents, the most frequent combinations of species contained fewer species than predicted on random grounds (Fig. 6) . The numbers of species with which an individual species coexisted was correlated with the number of sites at which that species occurred and its geographic range on both continents (Figs 9, lo) , and the frequency distributions of numbers of species with which North American and Australian species coexisted were similar (Fig. 13) . On both continents, most combinations of species were rare (Fig. 14) , but species frequently co-occurred with many other species (Fig. 15 ) in predictable relationships with the sizes of their geographic ranges.
The patterns outlined above suggest important similarities in community structure in both North America and Australia, and thereby support several key interpretations of Kurzius (1987, 1989) in their examination of granivorous rodents of North American deserts. The presence of most of the species at only a small proportion of the sites within their geographic ranges suggests highly specific habitat requirements and tolerances, or perhaps stochastic colonisations and local disappearances through time. Likewise, the fact that communities consisted of many different species, and the presence of many different specific combinations, suggest that species occurred primarily in response to the presence of locally favourable habitat rather than to highly structured interspecific interactions. Thus, both continents contained communities in which the component species tended to be distributed spatially in an individualistic manner. This individualism is perhaps most graphically demonstrated by the fact that, on both continents, the great majority of observed combinations of species were unique.
Despite the individualistic nature of small mammal communities in both North America and Australia, we concur with Kurzius (1987, 1989 ) that these results do not necessarily imply that interspecific interactions play no part in defining the composition of communities. On both continents fewer combinations of species than expected occurred at sites with relatively large numbers of species (Fig. 6) , suggesting that interspecific interactions may inhibit some species-rich combinations. In North America fewer species occurred at sites than were expected if species associated at random (Fig. 5) , suggesting that some deterministic processes such as competition were at work. This pattern was not observed in Australia, but this difference does not necessarily reflect a disparity in the operation of such processes; rather, it may be primarily a result of the smaller regional species pool in Australia. Another difference between the continents may have had the same cause-the greater proportion of Australian species co-occurring with species whose ranges overlap their own. Evidence for non-random structure of North American small mammal communities, both in terms of the body size of constituent species and of subtle patterns of specific composition, is substantial (Bowers and Brown 1982; Patterson and Brown 1991; Brown and Harney 1993; Fox and Brown 1993) ; however, such information is virtually non-existent for arid Australia (Dickman 1989 ). There remains room for debate about the relative importance of deterministic processes in affecting the structure of Australian communities, but we note that further analysis of our data set along the lines of those mentioned in the previous sentence might resolve some of these questions.
Whatever the eventual conclusion about deterministic interactions, our results show clearly that similar numbers of species occur at sites in arid environments of Australia and North America. This result contrasts with many previous assertions that small mammal communities in arid Australia are depauperate compared to those of North America (Pianka 1973; Watts 1974; Newsome and Corbett 1975; Morton 1979) . The disparity between our results and the literature stems from a change in trapping techniques ii arid Australia beginning about 15 years ago. Previously, field workers had relied on box-traps, but the use of pit-trapping spread rapidly when the effectiveness of this technique in sampling dasyurid marsupials was recognised. The addition of pit-trapping can be considered to have added most of the marsupial records to our data set (42% of our records of species at sites), and thereby has allowed us to demonstrate that Australian communities are not depauperate. When we consider the loss of Australian species since European settlement, the probable decline in abundance of several other species-due to land degradation or pressure from introduced predators, and the apparent replacement of several native species by one introduced species (Mus domesticus), this conclusion is even more convincing. Nevertheless, it should be borne in mind that our analysis has ignored the North American sciurid rodents.
In summary, analysis of the expanded North American data set and of the new data set for arid Australia supports the key conclusion from the earlier work of Kurzius (1987, 1989) : there is substantial spatial variation in the composition of small mammal communities, and the magnitude of this variation indicates that species and communities tend to be individualistic in spatial distribution, such that communities are not tightly restricted to particular specific combinations. The generality of this conclusion now needs testing with other types of animals which might respond to environmental variation at a different scale, and in ecosystems other than deserts where smaller temporal fluctuations may cause less pronounced fluctuations in the distributions of individual-species.
Trophic Structure
Recognition that Australian and North American communities are similar in terms of species richness does not mean that they are trophically equivalent, however. Table 4 shows that the feeding guilds on the two continents are quite different, both in the composition of the species pool and of individual communities: Australia is characterised by omnivores and insectivores and North America by granivores. Before going on to ask what the causes of this difference might be, it is necessary to consider three potentially confounding issues.
Because of inadequate sampling we were unable to include insectivorous soricine shrews in the North American data set, and thereby may have exaggerated the extent of the trophic difference from Australia. However, this problem is almost certainly minor, because only one species of shrew occurs in North American deserts (Hall 1981) . Secondly, the classification in Table 4 indicates that no rodent in arid Australia is a specialised granivore in the manner of the North American heteromyids (on the basis of Morton and Baynes 1985, and S. R. Morton and C. H. S. Watts, unpublished data) . Nevertheless, some doubt will always remain on this issue because of the substantial number of Australian species that has become extinct in recent times. Finally, why emphasise insectivores when Table 4 shows that they occurred less frequently than expected at Australian sites? We do so, firstly because the large species pool of insectivorous marsupials highlights the evolutionary success of this trophic strategy in Australia, and secondly because there is still doubt about the reliability with which marsupials have been sampled relative to rodents. Although we noted above that better sampling techniques have allowed marsupials to be included in this data set, there are no grounds for assuming that pit-trapping is as efficient at sampling the species at which it is targeted as is box-trapping. In short, there is a possibility that marsupials (insectivores) have been under-sampled relative to rodents (omnivores).
Much attention has been devoted to the prominence of granivory among North American rodents (Reichman and Brown 1983; Genoways and Brown 1993) and its virtual absence among species in arid Australia (Morton 1985 (Morton , 1993 Morton and Baynes 1985) . The present study suggests that the emphasis upon granivory in North America is not mis-placed, as Table 4 shows that granivores dominate small mammal communities on that continent (see also Fox and Brown 1993) . It seems most likely that the disparity between continents stems from the greater year-to-year uncertainty in rainfall, and therefore of seed production, in arid Australia, which makes it very difficult for rodents to specialise upon seeds; nutrient deficiencies may exaggerate this variability (Morton 1985 (Morton , 1993 . If this explanation were true, then we would expect to see much more pronounced fluctuation in rodent populations in Australia than in North America. Long-term studies in North America have revealed substantial variation in population size between years (Brown and Heske 1990) , but sparse data from Australia suggest fluctuations even more extreme (Newsome and Corbett 1975; Reid et al. 1993; Masters 1993) , thereby supporting the hypothesis. The prominence of insectivores in small mammal communities of arid Australia has likewise been much discussed, but other than the suggestion that the warmer winters of this continent allow such animals to persist, this phenomenon so far has evaded any convincing explanation (Morton 1982 (Morton , 1993 Dickman 1989) .
Conclusion
The species pool of rodents in Australia is smaller than in North America, and the numbers of species of rodents per site were correspondingly lower than in North America. However, the presence of a substantial species pool of insectivorous marsupials resulted in significant numbers of such species at individual sites; thus, the overall numbers of species in local communities were similar on the two continents. Despite that similarity, however, the comparison demonstrates quantitatively for the first time that the trophic composition of small mammal communities differs dramatically between Australia and North America.
Thus, this study and the mounting evidence from other continental deserts (Mares and Rosenzweig 1978; Mares 1980; Kerley 1991 Kerley , 1992a together lead to the conclusion that North American communities are unusual in the extent to which they are dominated by granivorous species.
